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(54) IMPROVEMENTS IN AND RELATING TO 
TUBULAR FLEXIBLE INSTRUMENTS 



IN?! 



71) We, W. L, GORE & ASSOCIATES, 
vC, a Corporation organised and *^ r * et *pg 
noder the laws of the State of Dekwaiev 
United States of America, of 555, Paper 
Mill Road, Newark, Delaware, 19711, United 
States of America) do hereby declare the in- 
vention, for which we pray that a patent may 
be granted to us, and the method by which 
it Is to be performed, to be particularly des- 
cribed in and by the following statement 

Tins invention to tubular flexible 

iuauum e uu for insertion into a body cavity. 

In many surgical or diagnostic procedures 
& fa necessary that a tubular Instrument be 
placed within a body cavity. This instrument 
accomplishes a varxery or purposes tacluoV 
fag the injection of fluids into the body or 
the withdrawal of fluids therefrom. Gnninran 
CTsaiptfts of these types of hi&crunients ere 
onhctcr? infusion cannula tubes. 

Catheter tubes m operation are inserted 
in the tortuous conduits of the body vessels 
(«£. blood vessels) for several deca centi- 
meters. The catheter tubing, therefore, is 
required to have the appropriate degree of 

bined with the necessary flexibility to allow 
its advance along the tortuous vessels without 
impairing the walls. Other important require- 
ments for catheter tubes include dimensional 
stability, chemical and biological inertness 
and surface smoothness. These requirements 
apply equally n> blood vessel catheters, urethra 
tytltfifin and infusion cannula tubes. 

Conventional tubular rnr^K^I mstruments 
for these purposes are made of rather sthT 
plasties such, as polyethylene or nylon Con- 
ventional infusion fnwnnia tubing is about 12 
or 13 cm in length and has an outside dia- 
meter (OX),) of about 1.5 mm with an inside 
diameter (LI),) of about 0.8 mm. These tubes 
are fined at one end with an adapter through 
which a liquid medicine may be mjected Into, 
or a liquid cit/actcd from, the body cavity 
via die tube, A metal piercing needle is in- 
serted through the tube, the euarptip of the 
needle projecting beyond the tube. Tins needle 



with the tubing thereon is then thrust through, 
the stem into a blood vessel and botia pushed 
forward undl they reach die appropriate 50 
position. The needle is then withdrawn, leav- 
ing the infusion cannula and attached adapter 
mposiriofl. Hie adapter is closed with aptug. 
When, an injection of medicine into, or an 
extraction of blood from the patient Is desired, 55 
the plug is removed and die adapter is con- 
nected to a syringe ox suction, device 

In order to prevent the infusion ommria 
robing from slipping out, the rr^rsnl posi- 
tion must be affixed o> me patient by some 60 
attaching mesas, commonly sutures or adhesive 
tape.- In this fixed state, the conventional in- 
fusion cannula tubing, being rather rigid, will 
cause pom and rifemmfa rt should the p a t fcn r 
move the area of the body in which the tub- 65 
mg is lodged. This problem is 
acute sface the insertion k usually made 
a leg, arm, or thigh, thus, greatly restrict- 
ing the movement of that Hmb. 

According to the present Invention there 
Is provided a tabular flexible instrument for 70 
Insertion into a body cavity comprising a 
ai nfrr cd polyt etra fl n c ^o ethytene tube com- 
prising solid and porous wall portions, said 
solid and porous portions alternating along 
the length of said tube. 75 

The invention will now be particularly des- 
cribed by way of example with reference to 
the accompanying drawings in which: — 

Figs, 1 to 3 ate rffaCT o rmwtic represema- 
ttons of catheter tubing in amudance with the 80 
invention; 

Figs. 4 to 6 show rnfusfan cannula tubing 
accessing to the invention; 

Fig. 7 shotts a needle used for inserting (he 
tobelnto the body cavity, and . $5 

Fig. 8 shows the mfusioa cannula in posi- 
tion. 

As shown in Fig, L the PTFE catheter 
tube of the present embodiment is fabricated 
so that the wall of the tube has solid ring 90 
portions 10 and porous textured ring portions 
12 which are arranged alternately. Tlte lengths 
of the solid ring portions 10 and porous ring 
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portfgns 12 can be vailed accooXuig to need. 
For example, in a esthete* tube measuring 23 
mm OJ>. and 1*5 mm LD„ solid portion 10 
would be about 5 mm in length sod poron 
fibnUared portion 12 woold be about 15 
in length. 

Pig. k 2 shows another emraxhrnent of this 



2) Dimeasional staljflity and/or freedom 
from lanldng under small bead radios due to 
rite presence of the so£d portion; 

3) Ab a result of the tubing being pure 
yxi% both the inner and outer surfaces are. 
extremely smooth. This results iu easier 
movement of the tube into, and out of, the 



Invention. la thfa tfrfcediment, solid wall bo^Y^svApKfaav&^^fy^ 
portions 10 «d porous portions 12 alternate mai^r to dther surraceT 



m a spiral fashion, The with and pitch of 
the spiral can be varied according to the 
required performance. 

3 shows a farther embodiment of this 
invention m which the top portion 28 (the por- 
tion entering the body cavity first) is porous 
and dosed at the end 30. hi this manner, 
gases from the blood or body fluids can be 
cnllrrteri without the blood or body flr M 
penetrating the fine pores into the interior 
of the tubbc. 

In the enwodhnent of the invention shown 
In Fig. ^the use as an infusion cannula is 



surface; 

4) Thecxo&lknt heat and chemical resistance 
of FIFE permit the use of high tempera- 
tures and/or strung chemicals for stetJtoatton: 

5) Efficient extraction of blood or body 
fluid gases can be achieved through the finely 
porous t ip 28 of die embodimait of the in- 
vention shown fa Fig, 3; and 

Q Ejection of a liquid medicine, which has 
a low surface tension, can be achieved by the 
embodiment hi Fig. 3. 

Hie following examples describe methods 
of preparing the above described embodiments 



Sandwiched between the two solid portions 14 
and 15 is a porous fxbrulated port£oa 16 that b 
flexible. 

To one end of the cannula tubing 13 is 



% may I 

fed porous pcAon refers to a 



mkrostrucmre comprising a series of nodes 
uttercoonected by fibrils. When a porous 
*rt*A M m 4. — ' — s ~~ P ™ 5 structure h raised above its crystalline 

fitted an ^apter 18 to give a complete in- melt point, unrestrained, it wffl cofaTm 

£ ™ S 13 beWareir^milliistimebmr^ 

by attaching means heron shown as a scope of the present invention. 



metal fastener 20. 

Figs. 5 and 6 show infiitfrrn """t ife tubing 
in Which there is a series of solid wall pot* 
tJons 14 and porous fibrilkted portions 16 
alternating as nogs in Fig. 5 and as a spiral 
in FSg. ©\ 

The infusion cannula tubing ^tw^ iny 1 * of 
the present invention can be used "8$ pre- 
viously described for corrTentional cannula 
ttibffl^i 

F^, 8 shows tubing 13 m use. A smooth 
pfennig of the skin into the blood vessel 
is achieved due to the rigidity of the solid 
wall portion 14. The middle wall portion 1$ 
is porous and flexible and, as a result, after 



Example I 

1) Following th e conventional paste extru- 
sion technique, a PTFE fine powder, avail- 
able under the Teflon registered trademark 
from E. 1 DoPont de Nemours, Co, Inc. or 
the Ficon regi stered trademark from Imperial 
Oirrnfrnl Industries, Ltd 9 is mixed wuh a 
Squid mhrinmt such as white oiL The paste 
ts preformed and then ran>cxrruded through 
an sppcopriate die into tubing having the 
desired diameter and wall thickness depend- 



ing on. the muasled use, such, as a Hood 
c athe ter, urethra catheter or fafiftfon cannula 
tube. 

the" tubing 13 is fixed in position by attach- 2) The liquid lubricant may now be re- 
mg means 22 at portion 15, the tube can moved by appropriate means such as heat 
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evaporation. This step, though referable, is 
not wM**ntfflT , 

3) The tubing is then, placed On a solid 
metal rod and manlatrd m l mrimrm ry along 

its lenr 1 * * *" 

space 



bgth by wrapping with metal foO witH 
therebetween. The tube on the rod is 



bend with less pam and discomfort to the 
patient permuting a greater mohfliry of Hmhg, 
The tubing, bendug at the flexible wall por- 
tion loV rather j^r\ tPn^frg to fVrfr the 
embedded tip 14 up against the vessel wait 

results in less d* Kyt n fo < t find Wa pa in, m 

The present invention as embodied in the men placed wrm its ends nrosstramcd/m an 
catheter tubing and infusion cannula tubing, electrically hfflTrri oven or a inolten salt bath 
described above, can provide the following and raised to a tem peratur e above the crystal- 
advantages; line melt point of PTFE, preferably in the 
1) An apinupiime balance of rijpriity and nmge of 360°C The muTLsufeed portions win 
flexibility is achieved by gltc-rrnrmg along become sintered and shrink lengthwise to 
the length of the tube a solid rigid portion form solid portions. 

and flexible porous portion; 4) The metal insulating fbB is removed, the 
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whole tube still on the metal rod is heated 
to around 25QP— 260°C and nrpnndrd id form 
uuMiitcred porous portions between smtered 
aofid jyrtions. 

5 5) The r rsnTiin g tubing is then restrained by 
damping the ends oo the rod end placed in a 
constant temperatruft oven and raised to a 
q»y «ywiia fe wove die crystalline melt point 
of PTPE to produce a catheter tube as shown 

10 in Kg. L 

Example II 
The material from step 2 of Example I h 
npanrirri ptoducirig a completely porous tube. 
Thb tube Is placed oo a metal rod and men 

IS inappcd with intermittent metal toOa with 
spsjces toextDctweeu ana nca t eu , wUKgifi unea, 
above me crystalline melt point of PTFE. The 
mead foil is removed, die tubing is men res- 
mdned as in Example I and neste d again 

20 above the crystalline melt point of PTFE. 
Thb is an alternate method of producing 
me tube shown m Fig. 1. ' 

Tfaftmrifc TXT 

The porous tube {ram Biample H, after 
25 placing on a metal rod, was spirally wrapped 
with a he at conductive tape and the tape raised, 
Qnrcstrainod, to a ticmpemruxe above the 
cryfaOHnt melt point of PTFEpzovMfog a 
spirally sintered loBd portion. The resulnng 
30 tube was restrained and h ea t e d above me 
crystalline men point to produce a tube as 
shown in Fig. 2 with solid and porous portions 

In the above «" w f'«) the dp portion of 
35 the tubes cart be rendered porous as described 
and then the open end dosed by suturing or 
heat yalt ng. Also* m order thai the position 
ef me catheter in the body can be fallowed, 
x-ray detectable fillers such as metal powder 
40 or £aSO« may be incorporated at pane for- 

Example IV 
The fTTWTifffrl porous tube made according 
to Example U is cut to a length of about 

45 15—16 cm. Toe tube is placed an a metal 
rod, both ends art exposed and the center 
portion i? enclosed in an insulator; The tube 
ii raised, imrrwrahrrd, oo above the crystal- 
line melt point of PTFE. The end poraoos 

50 shrink back lengthwise to form a solid sintered 
portion, the middle portion remains porous. 
The center portion insulator is removed and 
the tube agai n raj a e d above the oyttallme 
mdt point of FTFB, this time restrained by 

55 damping at the ends to prevent shrinkage, A 
tube as shown in 1% 4 is suitable for ice as 



Ii 

au infusion g^innta tubing, after the attach- 
ment of adapter, is produced. 

Example V 

The porous center portion of tubing made 60 
as in Example IV is p&eed on a metal rod and 
wrapped with ring heaters with spaces between 
adjacent heaters. The heaters are ra ised 
above the crystalline melt point of FTFB, the 
tube being imiestramed lengthwise. Thus, the 65 
portions beneath, the heaters are sintered and 
rendered solid by shrfaitag^ The heaters are 
then removed^ the tube restrained by damp- 
ing ar the endsj and again raised above the 
crystalline mdt point of PTFE. A tube, as 70 
shown in Fig. 5, c thereby produced. 

PwmpU VI 

The porous center portion of tnhmg made 
ss in Example IV Is placed On a metal rod and 
spirally wrapped with a heating tape and the 75 
tape raised to a temperature above the crystel- 
Ime melt point of PTFE, the tnbe being un- 
restrained lengthwise. The heater tape is 
removed, the tube restrained as before, and 
again , raised above the crystallmc melt point 80 
of PTFE A tube { as shown in Fig, 6, is 
thereby produced- 

Wraie the invention herein has been dis- 
closed, usfng specific embodiments and 
examples, these axe intended to be Iterative 85 
only and Hot limitative, and changes, modifi- 
cations or equivalents can be used by those 
skilled in the art. Such changes within rite 
twrnriplffft of the invention are faffftd to 
be within the scope of the claims below: 90 

WHAT WE CLAIM IS: — 

t, A tubafar flexible rnstrurnent for insertion 
into a body cavity comprising & sintered 
rjorytetrafluoioemylene tube comprising solid 
and porous waU portions, sa^ solid and porous 95 
portxoris ahernatmg along the length of said 
tube. 

2. A mbular flexible instrument according 
to Qahu 1 in which, said solid and porous 
wall portions alternate spirally along the 100 
length of said tube. 

3. A tubular flexible mBtrumera according 
to Qabn 1 in which a single said porous por- 
tion separates two said solid portions, 

4. A tubular flexible iostniment according 105 
to any preceding chum in which the. micro- 
structure of the or each said porous pardon is 

a series of nodes connected by fibtfls. 

5. A tubular ffcxfbfc Instrument flfTo r^fag 
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to any preceding data in which the tip 
portion is porous. 

^ 6, A tabular ftarihlr ftutxtunent substan- 
tially ss herein described wrtfj reference to 
any p op o f the embodiznentB flhotrefied in 
the accompanying drawings. 
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